
(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2001/0046275 A1 

US 20010046275A1 

Side Detectors 

Hussein (43) Pub. Date: NOV. 29, 2001 

(54) NON-ROTATING X-RAY SYSTEM FOR (52) US. Cl. .................................... .. 378/7; 378/4; 378/19 

THREE-DIMENSIONAL, 
THREE-PARAMETER IMAGING 

(57) ABSTRACT 
(76) Inventor: Esam Hussein, Fredericton (CA) 

Correspondence Address: The system for inspecting an object comprises a structure 
MARIO THERIAULT having a ?rst, second and third orthogonal axes, and a source 
1133 REGENT STREET, SUITE 105 of x-ray pencil beam mounted thereto along the ?rst axis. An 
FREDERICTON’ NB E313 3Z2 (CA) incident radiation detector is mounted to the structure per 

pendicularly to the ?rst axis. A?rst and second linear arrays 
(21) Appl' NO‘: 09/860’538 of scattered radiation detectors are mounted to the structure 

- _ er endicularl to the second and third axes res ectivel . 
(22) Flled' May 21’ 2001 The? source ofy x-ray pencil beam, the incident pradiatio§? 

Related US Application Data detector and the ?rst and second linear arrays of scattered 
radiation detectors are spaced apart and de?ne therebetWeen 

(63) Non-provisional of provisional application No. an inspection Zone- In use, an Object to be inspected is 
60/206,803, ?led on May 25, 2000 moved inside the inspection Zone relative to the x-ray pencil 

beam. The object is inspected voxel by voxel and the 
Publication Classi?cation radiation measurements taken at each voxel are indicative of 

incident radiation attenuation, scattered radiation attenua 
(51) Int. Cl.7 ..................................................... .. A61B 6/00 tion and electron density of that voxel. 

\\\l 
\ \\\ 

\\ \\ \ \A 

Incident Beam c l 
Transmission 

Detector W 
Direction of Scanning of Test Object 

Test Object 

\ \\ 
Bottom Detectors 



Patent Application Publication Nov. 29, 2001 Sheet 1 0f 2 US 2001/0046275 A1 

Side Detectors 

i lli l J 

// 
Incident Beam 

Direction of Scanning of Test Object 

Po 

Lu 

\\ \ 
\\\\\ 

\\ A 

% 
Transmission 

Detector 

___> 

Test Object 

Bottom Detectors 

FIG. 1 



Patent Application Publication Nov. 29, 2001 Sheet 2 0f 2 US 2001/0046275 A1 

A2: 
Incident Beam, IQ ‘- —~{ Transmission, I”: 

——’ lijvk 2)j!k iajvk Najvk H 

i] + 1,k 

i j + 2,k 
T ____ 

A11 

t,N k 

Side Scattering, SL131: FIG, 2 

Incident Beam, I0 Transmission, I“ 

—4' lqjvk aajvk iajvk Nvjak '_°' 

1' M + 1 

i j,k + 2 

A2 T 
i ___ 

iJJV 

Bottom Scattering, Bid-‘k 

FIG. 3 



US 2001/0046275 A1 

NON-ROTATING X-RAY SYSTEM FOR 
THREE-DIMENSIONAL, THREE-PARAMETER 

IMAGING 

[0001] This invention Was made With Government support 
under Research Grant # 97-G-029 awarded by the Federal 
Aviation Administration. The Government has certain rights 
in this invention. 

FIELD OF THE INVENTION 

[0002] This invention relates to X-ray imaging systems, 
and more particularly the present invention relates to com 
position, density and geometry imaging of an object by 
measuring and analyZing incident and scattered radiation 
passing through that object. 

BACKGROUND OF THE INVENTION 

[0003] The folloWing publications relate to the subject of 
x-ray imaging systems and methods. Various teachings from 
these publications are cited herein to facilitate the descrip 
tion of the present invention. 

[0004] Glasstone S. and Sesonske, A., Nuclear Reactor 
Engineering, Chapter 2, Chapman & Hall, NeW York, 1994. 

[0005] Zieglier, C. A., Bird, L. L. and Chelek, “X-Ray 
Raleigh Scattering Method for Analysis of Heavy Atoms in 
LoW Z Media”, Analytical Chemistry, Vol. 13, pp. 1794 
1798, 1956. 

[0006] Bray, D. E. and Stanley, R. K., Nondestructive 
Evaluation, Chapter 20, McGraW-Hill, NeW York, 1989. 

[0007] Battista, J. J. and Bronskill, M. J., “Compton 
scatter imaging of transverse sections: an overall appraisal 
and evaluation for radiotherapy planning”, Physics in Medi 
cine and Biology, Vol. 26, pp. 81-99, 1981. 

[0008] Lale, P. G., “The examination of internal tissues, 
using gamma-ray scatter With a possible extension to mega 
voltage radiography”, Physics in Medicine and Biology., 
Vol. 4, pp. 159-167, 1959. 

[0009] Hussein, E. M. A., “Compton Scatter Imaging 
Systems”, in Bioinstrumentation: Research, Development 
and Applications, ButterWorths Publ., Stoneham, MA, D. L. 
Wise, Ed., Chapter 35, pp. 1053-1086, 1990. 

[0010] Harding, G. and KosanetZky, J, “Scattered X-ray 
Beam Nondestructive Testing”, Nuclear Instruments and 
Methods, Vol. A280, pp. 517-528,1989. 

[0011] Prettyman, T. H., Gardner, R. P., Russ, J. C. and 
Verghese, K., “A Combined Transmission and Scattering 
Tomographic Approach to Composition and Density Imag 
ing”, Applied Radiation and Isotopes, Vol. 44, pp. 1327 
1341, 1993. 

[0012] ArendtsZ, N., V. and Hussein E. M. A., “Energy 
spectral Scatter Imaging. Part I: Theory and Mathematics”, 
IEEE Transactions on Nuclear Science, Vol. 42, pp. 2155 
2165, 1995. 

[0013] ArendtsZ, N., V. and Hussein E. M. A., “Energy 
spectral Scatter Imaging. Part II: Experiments”, IEEE Trans 
actions on Nuclear Science, Vol. 42, pp. 2166-2172, 1995. 

[0014] MCNP 4C, Monte Carlo N-Particle Transport Code 
System, RSICC Code Package CCC-700, Oak Ridge 
National Laboratory. 
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[0015] Conventional x-ray radiographic systems, com 
monly used in airports to detect Weapons, sharp objects and 
the likes, are not suited for the detection of plastic explo 
sives. This is due to the fact that such systems typically 
utiliZe loW-energy photons, Where the photoelectric effect 
(photon absorption) dominates. The probability of photo 
electric absorption per atom can be roughly expressed as 
folloWs as taught by Glasstone et al.: 

'c'econstant Zn/E3 (1) 

[0016] Where Z is the atomic number of the medium, E is 
the photon energy, and the exponent n varies betWeen 3 for 
loW-energy photons to 5 for high-energy rays. Therefore, the 
loW Z-number of nitrogen-based explosives makes it diffi 
cult to distinguish them from other common materials, With 
the photoelectric effect on Which conventional radiography 
relies. Alternative techniques Were therefore developed. 

[0017] If the Compton scattering modality of photons is 
alloWed to come into play, then additional information can 
be brought in to assist in detecting explosives. The prob 
ability of Compton scattering per atom, 0 depends on the 
number of electrons available as scattering targets and 
therefore increases linearly With Z, and can be expressed as 
folloWs, as taught by Glasstone et al. 

0=constant Z/E (2) 

[0018] Therefore, Compton scattering provides density 
related information. The electron density is directly propor 
tional to Z, and the mass density is proportional to the 
electron density (given that the ratio of the atomic-number 
to the mass-number is equal to about one-half for most 
elements, except hydrogen) as taught by Zieglier et al. 

[0019] Compton scattering can provide such mass-density 
information, Which if used in conjunction With the Z-number 
information given by the photoelectric effect can help in 
identifying nitrogen-based explosives; that are characteriZed 
by having higher mass density than most common organic 
materials. Adual-energy (high and loW) radiographic system 
can be used for this purpose; With the higher energy pro 
viding electron-density information and the loWer energy 
strongly re?ecting the effect of the Z-number, according to 
equations (1) and This is the concept of the E-scan 
system. Alternatively, scattering can be monitored, typically 
back scattering, to obtain density information. 

[0020] Another useful photon-interaction modality is the 
coherent Rayleigh scattering process, Where photons are 
de?ected by a small angle Without losing energy. The 
probability of this reaction is hoWever small and is propor 
tional to Z3 making the reaction more sensitive to metals, as 
taught by Zieglier et al. 

[0021] X-ray ?uorescence depends on the production of 
x-rays characteristic of the target atom. HoWever the tech 
nique is best suited for high Z atoms, and even then the 
measured ?ux is loW, as taught by Zieglier et al. 

[0022] The remaining photon interaction of signi?cance is 
pair production, Where a high energy photon disintegrates 
into an electron-positron pair in the presence of the electro 
magnetic ?eld of the atom. Once again, this is an interaction 
that dominates at high Z number and high photon energy, as 
taught by Glasstone et al. This leaves the photoelectric effect 
and Compton scattering as the most suitable photon-inter 
action modalities for use in imaging. 
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[0023] Radiography techniques are disadvantaged by the 
fact that they provide integrated information, along the 
chord of radiation transmission, thus mixing the attributes of 
overlying objects. This can lead to masking and smearing 
out of information. Computed tomography (CT) solves this 
problem by unfolding the radiation-attenuation measure 
ments into pixel-speci?c information at individual slice of 
the object. While solving the masking problem of radiog 
raphy, the fact still remains that CT determines the attenu 
ation coef?cient of the material present in the pixel. There 
fore, at the commonly used X-ray operating range of 80-200 
kV, keeping in mind that the average X-ray energy in keV is 
equal to about one-third the peak energy Which corresponds 
to the operating voltage in kV as taught by Bray et al., the 
photoelectric effect dominates in CT, as can be seen by 
comparing the equations (1) and Therefore, in essence 
one obtains physical information that is identical in nature to 
that obtained by basic radiography, although de-convoluted 
into individual pixels. This comes at considerable cost due 
to the involvement of a complex mechanical scanning 
mechanism and a sophisticated numerical image reconstruc 
tion process. 

[0024] The question noW is Whether a material can be 
uniquely identi?ed from the value of its attenuation coef? 
cient, or CT number. This question has beWildered medical 
physicists Who plan for radiotherapy (at high photon-energy 
Where Compton-scattering is dominant) from CT images 
(produced by loW-energy X-rays Where the photoelectric 
effect prevails). With the knoWn nature of the body, some 
empirical formulations are devised, relating CT numbers to 
the electron density of tissue, muscles and bones, as taught 
by Battista et al. Given hoWever the Wide variety of mate 
rials that may be present in a passenger luggage, CT 
numbers may not necessarily be uniquely related to density, 
thus resulting in ambiguous and perhaps false indications. 
Like the case With conventional radiography, more infor 
mation is needed to uniquely identify an explosive material 
from CT images. Such information can come from a suspi 
cious object geometry, or other non-technical supplementary 
information. Alternatively, one can expect CT to progress in 
the same fashion as conventional radiography to provide 
additional physical information. 

[0025] Progress of CT as an explosive detection system 
(EDS ) requires that it provides both density and Z-number 
information. This can be achieved, similar to E-scan, by 
using a dual-energy CT system; but this duplicates an 
already mechanically and numerically intensive process. 
Alternatively, one can rely on combination of scattering and 
transmission measurements to provide electron-density and 
Z-number information. Scattering can also enable the devel 
opment of a simpli?ed and less expensive (non-rotating) 
imaging system; Which is more suited for imaging carry-on 
luggage and/or for use in small and remote airports Where 
the cost of a CT system can be prohibitive. Rotation 
scanning is also more dif?cult to perform on bulky objects, 
such as cargo containers; and hence there is a need for 
non-rotating imaging system. 

[0026] Abrief revieW of Compton-scatter imaging (CSI) is 
given hereinbeloW to further facilitate the description of the 
present invention. 

[0027] Scatter imaging resembles the natural imaging pro 
cess in Which the naked-eye constructs an image from light 
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re?ected off the surface of an object. Unlike light, radiation 
penetrates deep into the object enabling volume imaging. 
Imaging underneath a surface is complicated hoWever by the 
attenuation of radiation prior to and folloWing scattering. 
This attenuation effect complicates the imaging process and 
has hindered the progress of scatter imaging for many years. 
The history of imaging With scattered photons can be traced 
back to the Work of Lale in 1959, Who employed a high 
energy source, and consequently ignored altogether the 
attenuation effect. Many other Workers attempted to over 
come this problem in a variety of Ways, for example 
Hussein. Perhaps the most signi?cant developments in CS1 
are those of Battista et al., Prettyman et al., Harding et al., 
and Hussein & ArendtsZ, Which are brie?y described beloW. 

[0028] Battista et al. employed a gamma-ray source and a 
rectilinear scanning process, Which enabled the determina 
tion of each pixel’s density as the scanning process pro 
gressed. The density of a preceding pixel Was used to 
calculate the attenuation coef?cients of the subsequent pixel. 
The ComScanTM system of Harding et al. utiliZes a colli 
mated X-ray source and a detector array equipped With 
pinhole-type collimator to measure back scattered radiation. 
No correction for radiation attenuation appears to be incor 
porated in ComScanTM, making the system suitable only for 
‘imaging of super?cial regions of massive objects’. Pretty 
man et al. used gamma rays and employed a combination of 
tomographic transmission scanning and projected Compton 
scatter imaging to obtain composition (Z-number) and den 
sity images. This system, hoWever, relied on a scanning/ 
rotation process that involved a large number of projections. 
In the recent Work of ArendtsZ and Hussein, the scanning 
process Was avoided altogether by measuring the energy of 
the scattered photons and relating it to the angle of scattering 
using the unique energy-to-angle relationship of single 
collision Compton scattering. A gamma-ray source Was used 
to provide a mono-energetic source, thus facilitating the 
process of relating the energy to the angle of scattering. An 
iterative image reconstruction process Was employed by 
ArendtsZ and Hussein to overcome the nonlinear problem of 
accounting for pre- and post-scattering attenuation. 

SUMMARY OF THE INVENTION 

[0029] The present invention consists of a non-rotating 
photon (X-ray) system and methods for three-dimensional, 
three-parameter imaging of objects, for the purpose of 
identifying non-intrusively their material content. This sys 
tem and methods are useful, for instance, in detecting 
explosives, narcotics, or other contraband materials, in pas 
senger luggage or shopped parcels. The system and methods 
provide simultaneously three independent physical proper 
ties that enables the classi?cation of materials by density and 
overall composition, in addition to the shape information 
provided by a 3-D imaging process. The system and meth 
ods employ a collimated beam of photons emitted from an 
x-ray machine operating in the 300 to 400 kV range, and 
monitor radiation scattered to the sides of the object, along 
With transmitted radiation. A rectilinear scanning process 
moves the object in front of the radiation beam in small 
steps, until the entire object is covered With radiation, by 
penetration through only one of its surface (that facing the 
source). 
[0030] This scanning process simpli?es the imaging pro 
cess and reduces its cost relative to conventional systems, by 
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enabling the source and detectors to be ?xed in place. The 
scanning process facilitates the use of a single transmission 
detector, and one-dimensional (line) arrays of scattering 
detectors. It also renders the imaging process into a simple 
point-by-point imaging process, Wherein the measurements 
are readily mathematically formulated and numerically pro 
cessed to reconstruct simultaneously three images: a) the 
radiation attenuation coefficient at the source energy, b) the 
attenuation coef?cient at the scattering energy, and c) the 
electron density at each voxel. The difference in photon 
energy betWeen the incident and the scattered photons 
makes the attenuation coef?cient for the latter more sensitive 
to variations in the atomic number of the material than the 
attenuation coef?cient at the incident energy. Therefore, this 
invention is unique in its tri-property imaging process; a 
feature not provided by any other imaging systems, and 
should provide higher con?dence in detecting concealed 
objects. 
[0031] One feature of the present invention is that it 
advances the progression of X-ray explosive detection sys 
tems (EDS) by developing a Compton-scatter/transmission 
system Which provides both density and atomic-number 
images of scanned objects. The system and methods accord 
ing to the present invention are particularly appropriate for 
luggage imaging Whereby density, attenuation-coef?cient 
and atomic-number images, are obtained in a manner that 
requires exposing the luggage to radiation from only one 
side thereof, thus eliminating the need for a rotating scan 
ning mechanism. This is done by combining the best fea 
tures of various Compton-scatter-imaging approaches into a 
system suitable for luggage imaging While employing the 
rectilinear scanning process of Battista et al.; a source 
detector arrangement similar to that of Harding et al. ; 
single-projection transmission measurements to provide 
density and Z-number information in a manner similar to 
that of Prettyman et al., and simpli?ed forms of the math 
ematical formulations and image reconstruction algorithms 
as taught by ArendtsZ & Hussein. 

[0032] By eliminating the source/detector, or object, rota 
tion process of transmission CT systems, a simpli?ed system 
has been developed, With decreased mathematical and 
numerical complexity. The system and methods according to 
the present invention should enable more Wide-spread instal 
lation of EDS in airports. The simpli?cation process comes 
at the added advantage of supplying not only attenuation 
coef?cients (CT numbers), but also providing atomic-num 
ber information (through the ratio of the attenuation coef 
?cient of the photoelectric effect to that of Compton scat 
tering), as Well as atomic number images (through Compton 
scattering). This is in addition to the spatial imaging infor 
mation that can enable the identi?cation of the geometry of 
a concealed object. With a sufficiently small voxel siZe, the 
method may also enable the detection of sheets of explo 
sives. The system and methods according to the present 
invention advance CT technology in the same Way radio 
graphic technology progressed, through the E-scan and back 
scattering concepts, to meet the demands of explosive detec 
tion. 

[0033] Broadly, in accordance With one aspect of the 
present invention, there is provided a system for inspecting 
an object, comprising; a structure having a ?rst, second and 
third orthogonal axes, and a source of collimated x-ray 
pencil beam mounted thereto along the ?rst axis. The system 
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also comprises an incident radiation detector mounted to the 
structure perpendicularly to the ?rst axis; a ?rst linear array 
of scattered radiation detectors mounted to the structure 
perpendicularly to the second axis, and a second linear array 
of scattered radiation detectors mounted to the structure 
perpendicularly to the third axis. The source of collimated 
x-ray pencil beam, the incident radiation detector and the 
?rst and second linear arrays of scattered radiation detectors 
being spaced apart and de?ning therebetWeen an inspection 
Zone. The system according to the present invention further 
has means for moving an object to be inspected, relative to 
the source of collimated x-ray pencil beam, mounted to the 
structure in the inspection Zone. 

[0034] This system is particularly advantageous for being 
relatively simple and Wherein the radiation measurements 
available therefrom When inspecting a voxel in an object are 
indicative of incident radiation attenuation, scattered radia 
tion attenuation and electron density of that voxel. 

[0035] In accordance With another aspect of the present 
invention, there is provided a method for inspecting an 
object. This method comprises the steps of: de?ning and 
associating a ?rst and second orthogonal axes With an object 
to be inspected; de?ning a voxel in that object; passing a 
x-ray beam through that voxel along the ?rst axis, and 
measuring incident radiation attenuation through the voxel 
along the ?rst axis. While maintaining the x-ray beam 
aligned along the ?rst axis, passing the x-ray beam through 
the object alongside the voxel and measuring scattered 
radiation attenuation through the voxel along the second 
axis. A ?nal step consists of relating the measured incident 
radiation attenuation and the measured scattered radiation 
attenuation to a material property of the voxel. 

[0036] This method is particularly advantageous because 
the measured incident and scattered radiation attenuations 
and the related material property are representative of an 
entirety of the voxel. The scanning of an object using this 
method can be done broadly, With feW measurements and 
large voxels for example, and still provide reliable informa 
tion as to the content of each voxel. 

[0037] In accordance With a further aspect of the present 
invention, there is provided a method for inspecting an 
object, and Which comprises the steps of: de?ning and 
associating a ?rst, second and third orthogonal axes With an 
object to be inspected; de?ning a voxel in that object, and 
passing a x-ray beam through the voxel along the ?rst axis. 
The method also comprises the steps of: measuring incident 
radiation attenuation through the voxel along the ?rst axis; 
measuring scattered radiation through the voxel along the 
second axis, and measuring scattered radiation through the 
voxel along the third axis. Further steps are: using the 
measured scattered radiation along the second and third 
axes, verifying the incident radiation attenuation along the 
?rst axis, and extracting volume imaging characteristics of 
that voxel from the measured radiation attenuations along 
the three axes. 

[0038] This second method provides volume imaging 
characteristics along three orthogonal axes Without rotating 
the object. These characteristics are particularly advanta 
geous for generating 3D images of structural details inside 
each voxel. 

[0039] Other advantages and novel features of the present 
invention Will become apparent from the folloWing detailed 
description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] One embodiment of this invention is illustrated in 
the accompanying drawings in Which: 

[0041] FIG. 1 is a schematic illustration of the scanning 
system and process; 

[0042] FIG. 2 illustrates the radiation path to the side 
detectors; and 

[0043] FIG. 3 illustrates the radiation path to the bottom 
detectors. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0044] While this invention is susceptible of embodiments 
in many different forms, there is shoWn in the draWings and 
Will be described in details herein a speci?c embodiment, 
With the understanding that the present disclosure is to be 
considered as an example of the principles of the invention 
and is not intended to limit the invention to the embodiment 
illustrated and described. 

[0045] The system according to the preferred embodiment 
is shoWn schematically in FIG. 1. Apencil beam of photons 
is made incident on the object, While the transmitted photons 
and photons scattered by 90-degrees are monitored by 
bottom detectors and side detectors. The beam is moved in 
a rectilinear manner as shoWn in the FIG. 1, so that one roW 
of voxels is monitored at a time. Each detector is to be 
collimated such that it sees only photons incident normal to 
its surface. 

[0046] Positioning detectors at the bottom of the luggage 
may be avoided by locating the detectors at the top. It is also 
possible to place detectors on both sides of the object, to 
duplicate the number of measurements. A ?xed-array of 
scattering detectors can be used, or a single-roW of detectors, 
as shoWn, can be employed and moved to match the position 
of the source. Similarly, a single-transmission mobile detec 
tor, aligned With the incident beam, can be employed, or a 
?xed array of detectors can be used. Preferably, the incident 
beam and all detectors are ?xed, and the object is moved 
across the x-ray beam. This ?exibility is one advantage of 
the system and methods according to the present invention. 
Therefore, the movement of the x-ray beam or of the object 
being inspected, as mentioned throughout the present dis 
closure should be considered as being a relative movement 
betWeen the object and the x-ray beam. 

[0047] Consider an object ?ctitiously divided to N><N><N 
voxels. Consider the (j, k)th incident beam, ie the beam 
directed through the voxels at the (j, k)th roW of voxels. 
When this roW of voxels is exposed to radiation, it contrib 
utes to the (j, k)th transmission detector measurement, to N 
scattering side detector measurements at level k and to N 
scattering bottom detector measurements at roW j, as sche 
matically shoWn in FIGS. 2 and 3. The response of each 
detector can be mathematically expressed as folloWs: 

[0048] For Transmission: 

Ij,k=JDexP [_2N1:]1“i,j,kAX] (3) 

[0049] For Side scattering: 
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[0050] For Bottom Scattering: 

ruiyjynAz]; i=1 to N (5) 

[0051] Where I0 is the intensity of the incident radiation, 
Sou-Jk and Bot];k are system constants that depend on the 
intensity of the incident beam, the probability of scattering, 
detector efficiency and system geometry, as Well as the 
relative position of the voxel to the detector in case of 
scattering; p is the attenuation coef?cient of the incident 
radiation and p‘ is that of the scattered photons; p is the 
electron density of the voxel; and Ax, Ay and AZ are the 
dimensions of the voxel in the i, j and k directions, respec 
tively. Note that self-attenuation (i.e. Within voxel attenua 
tion) is neglected, assuming that the voxel’s volume is 
suf?ciently small. 

[0052] For the (1,1) beam, ie the beam at bottom of the 
test object and closest to the side-scattering detectors, equa 
tions (3) to (5) become: 

[0054] The ?rst bottom-scattering measurement gives 
directly an estimate of pLLl. If the source energy is suf? 
ciently high, so that Compton scattering dominates, p is 
linearly proportional to p, say poop With 00 being a pre-set 
estimated constant, then one can estimate #17171 knoWing 
p 1AA. The second side-scattering equation gives an estimate 
of pug. One can then proceed sequentially to determine the 
p’s of the other voxels along the beam from the subsequent 
equations. NoW, having an estimate of all p’s, and an 
estimate of the summation of all p’s from the transmission 
measurement, equation (6), one can obtain a neW estimate of 
the constant 00 and update the estimates of p’s. This process 
should converge rapidly if Compton scattering is dominant, 
since the original value of 00 should provide a good esti 
mate. Note that since self-attenuation is ignored, for the 
(1,1)th beam, side-scattering provides information similar to 
that of bottom-scattering, and the average of the tWo can be 
used to provide a better estimate. 

[0055] NoW, let us move the x-ray beam to the second 
position (2,1), i.e. keep the beam closest to the bottom 
detectors and move one voxel-Width aWay from the side 
detectors. With self-attenuation ignored, the bottom-scatter 
ing detectors provide estimates of the p’s across this second 
roW of voxels. The response of the side-scattering detectors 
contains, hoWever, the attenuation coef?cients of the voxels 
in the ?rst roW, pd’s, at the energy of scattering. Since this 
energy is loWer than the incident energy, and if the energies 
are carefully selected so that the photoelectric effect domi 
nates at the scattering energy, then u‘ becomes a strong 
function of Z, equation (1), providing atomic number infor 
mation. The values of pfs for the ?rst roW of voxels can be 
calculated from the response of the side-scattering detectors 
as folloWs: 



US 2001/0046275 A1 

[0056] Since the p’s and the p’s Were determined from the 
transmission and bottom-scattering measurements, in a fash 
ion similar to that used for the (1,1)th roW, side-scattering 
provides through the above equations the p"s for the pre 
ceding roW of voxels. The above procedure is to be repeated 
sequentially to determine, p, p and p’s for each voxel. The 
ratios p?/p and p?/p provide Z-number information; if the 
incident scattering energies are chosen such that Compton 
scattering is dominant at the incident energy and the pho 
toelectric effect is predominant at the scattering energy. If 
not, a feW more iterations may be required to establish 
correspondence betWeen p and p. For the last roW, farthest 
from the side-scatter detectors, no subsequent measurements 
are available to enable the determination of its pd’s. This 
problem can be overcome by arti?cially placing a material 
of knoWn density, such as LexanTM or PlexiglassTM, in front 
of the last roW and exposing it to the pencil beam, to provide 
additional side-scatter measurements Without adding further 
unknoWns. Alternatively, tWo sets of side-scatter detectors 
can be located on both sides of the luggage. This Will not 
only solve the problem of determining the p"s of the last 
roW, but also provides extra measurements that can be used 
to reduce the uncertainty in the evaluated parameters. The 
use of tWo sets of side-scatter detectors and/or top and 
bottom detectors can enable simultaneous processing of data 
as the scanning process progresses. 

I claim: 
1. A system for inspecting an object, comprising: 

a structure having a ?rst, second and third orthogonal 
axes; 

a source of collimated x-ray pencil beam mounted to said 
structure along said ?rst axis; 

an incident radiation detector mounted to said structure 
perpendicularly to said ?rst axis; 

a ?rst linear array of scattered radiation detectors mounted 
to said structure perpendicularly to said second axis; 

a second linear array of scattered radiation detectors 
mounted to said structure perpendicularly to said third 
axis; 

said source of collimated x-ray pencil beam, said incident 
radiation detector and said ?rst and second linear arrays 
of scattered radiation detectors being spaced apart and 
de?ning therebetWeen an inspection Zone; and 

means for moving an object relative to said source of 
collimated x-ray pencil beam, mounted to said structure 
in said inspection Zone, 

such that radiation measurements available from said 
incident radiation detector and said ?rst and second 
linear arrays of scattered radiation detectors When 
inspecting a voxel in an object in said inspection Zone 
are indicative of incident radiation attenuation through 
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said voxel, scattered radiation attenuation through said 
voxel and electron density of said voxel. 

2. Amethod for inspecting an object, comprising the steps 
of: 

de?ning and associating a ?rst and second orthogonal 
axes With an object to be inspected; 

de?ning a voxel in said object; 

passing an x-ray beam through said voxel along said ?rst 
axis; 

measuring incident radiation attenuation through said 
voxel along said ?rst axis; 

While maintaining said x-ray beam aligned along said ?rst 
axis, passing said x-ray beam through said object 
alongside said voxel; 

measuring scattered radiation attenuation through said 
voxel along said second axis; 

relating said incident radiation attenuation and said scat 
tered radiation attenuation to a material property of said 
voxel; 

such that said incident and scattered radiation attenuations 
and said material property are representative of an 
entirety of said voxel. 

3. Amethod for inspecting an object, comprising the steps 
of: 

de?ning and associating a ?rst, second and third orthogo 
nal axes With an object to be inspected; 

de?ning a voxel in said object; 

passing an x-ray beam through said voxel along said ?rst 
axis; 

measuring incident radiation attenuation through said 
voxel along said ?rst axis; 

measuring scattered radiation attenuation through said 
voxel along said second axis; 

measuring scattered radiation attenuation through said 
voxel along said third axis; 

using measurements of incident radiation attenuation 
through said voxel along said ?rst axis, scattered radia 
tion through said voxel along said second and third 
axes, verifying said incident radiation attenuation along 
said ?rst axis and extracting volume imaging charac 
teristics of said voxel along said ?rst, second and third 
axes; 

such that a veri?cation of said incident radiation attenu 
ation along said ?rst axis is effected using orthogonal 
signatures of said x-ray beam, and volume details of 
said voxel are obtainable Without rotating said object. 

* * * * * 


